Algae are rich sources of structurally novel and biologically active metabolites. Primary and secondary metabolites produced by these organisms have drawn interest of the pharmaceutical industries. In this regard we have put forth an investigation to evaluate phenolic and flavonoid content in methanol extract of fresh algal biomass followed by antioxidant, antimicrobial and anticancer activities. Determination of total phenol and flavonoid content was followed by the 2,2-diphenyl-1-picrylhydrazyl radicals scavenging, phosphomolybdate and reducing power assay for evaluating antioxidant potency. Agar well diffusion method for antibacterial activity and trypan blue test along with MTT assay was done for anticancer activity. Among two microalgae, Chlorella vulgaris had efficiently high amount of total phenol and flavonoid content. Chlorella vulgaris is a single-celled eukaryotic green micro algae, known to be first form of a plant with a well-defined nucleus emerged over 2 billion years ago [1] . Chlorella contains the highest amount of chlorophyll of any known plant. Chlamydomonas reinhardtii, another unicellular algae though not much explored as nutrient supplement; it is well known model organism with its three genomes (nuclear, plastidial and mitochondrial) completely sequenced [2] . It finds its application mostly in molecular biology especially in studies involving flagellar motility, chloroplast dynamics, biogenesis and genetics [3] . C. vulgaris is well determined nutrientdense superfood containing 60% protein, 18 amino acids, 20 vitamins and minerals like iron, calcium, potassium, magnesium and phosphorous [4] . One of its unique properties is a phytonutrient called Chlorella Growth Factor [1] . These two microalgae are known for high volume production of β-carotene.
Chlorella vulgaris is a single-celled eukaryotic green micro algae, known to be first form of a plant with a well-defined nucleus emerged over 2 billion years ago [1] . Chlorella contains the highest amount of chlorophyll of any known plant. Chlamydomonas reinhardtii, another unicellular algae though not much explored as nutrient supplement; it is well known model organism with its three genomes (nuclear, plastidial and mitochondrial) completely sequenced [2] . It finds its application mostly in molecular biology especially in studies involving flagellar motility, chloroplast dynamics, biogenesis and genetics [3] . C. vulgaris is well determined nutrientdense superfood containing 60% protein, 18 amino acids, 20 vitamins and minerals like iron, calcium, potassium, magnesium and phosphorous [4] . One of its unique properties is a phytonutrient called Chlorella Growth Factor [1] . These two microalgae are known for high volume production of β-carotene.
Besides being food supplements microalgae, Chlorella sp., Chlamydomonas sp. have been proved to have antibacterial activity in vitro against both Gram positive and Gram negative bacteria [5] . The production of extracellular antibiotic metabolites by marine algae has been well studied in recent years. They are also been reported that a wide range of antifungal activities were obtained from extracts of green microalgae [6] . Eventually, microalgae are almost an untapped resource of natural antioxidants due to their enormous biodiversity, much more diverse than higher plants. They contain various biologically active compounds that are been used as source of food, feed and medicine [7] . Microalgae are proposed as an alternative molecular pharming system. This relatively new platform offers several advantages, including short time from transformation to scaling up; rapid growth and ease of cultivation; safety, because microalgae do not harbor human pathogens, many are Generally Regarded As Safe (GRAS) organisms, and grow in axenic conditions facilitating production of biopharmaceuticals; homogeneity of protein, antibiotics and phytochemicals production with the use of controlled bioreactors [8] .
In recent times, studies suggest that there is an inverse relationship between dietary intake of antioxidant rich foods and the incidence of human disease. The search to replace these synthetic antioxidants with natural antioxidants has become an essential deed in immune pharmacy discovery since these components are suspected carcinogens [9] . Antioxidants are presumed to have several positive health effects that include prevention of cardiovascular disorders, ageing related diseases such as Alzheimer and certain types of cancer [10] . Microalgae in this regard are exceptionally rich source of pharmacologically active metabolites with antineoplastic, antitumor, antibacterial, antifungal and antiviral properties [7] .
In the present study, antioxidant activity of methanol extracts of C. vulgaris and C. reinhardtii was investigated along with the aspect to determine its potency to inhibit the growth of human pathogens and proliferation of breast cancerous cell line, MCF-7. Apart from investigation, it has been initiated to compare a well-known model microalgae sp., C. reinhardtii with well-known single cell protein, C. vulgaris for its antioxidant, antibacterial and anticancer properties. 
MATERIALS AND METHODS

Preparation of algal extracts:
Algal cultures, C. vulgaris and C. reinhardtii were maintained at 24±1° in a thermostatically controlled room and illuminated with cool inflorescence lamps (Phillips 40 W, cool daylight 6500 K) at an intensity of 2000 lux in a 12:12 h light dark regime. At log phase, algal biomass was harvested. About 10 g of the collected fresh algal biomass of each culture equal to 1 g of dried one were completely homogenized and extracted with 100 ml of methanol solvent. Clarification of algal mixture was carried out by filtration method using Whatman No.1 filter paper. The clarified extracts were evaporated under a vacuum at 50° using rotary evaporator. The crude extracts were stored in the dark in a vial and kept at 4° until further analysis.
Total phenols and flavonoids:
In total phenol content determination, standard procedure was followed using Folin-Ciocalteu's reagent and sample absorbance was measured at 725 nm [11] . Gallic acid was used as standard for a calibration curve; the total phenol was expressed in gallic acid equivalents. The total flavonoid was determined by measuring the sample absorbance at 415 nm [12] . Quercetin was used as standard for a calibration curve; the total flavonoid content was expressed in quercetin equivalents. Each of the above assays using algal extracts was performed in triplicate.
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay:
The free radical scavenging activity of different fractions were measured in vitro by using 0.1 mM solution of DPPH in 95% methanol [13] . To 1 ml of this solution, 1 ml of each fractions dissolved in methanol at different concentrations were added and allowed to stand at room temperature for 30 min in dark. Then absorbance was measured at 517 nm against methanol blank and percentage of scavenging inhibitions were determined by comparing with ascorbic acid as standard. Percentage inhibition (I%)=(A c -A s )/A c ×100, where, A c is the absorbance of the control and A s is the absorbance of the sample.
Total antioxidant capacity:
The antioxidant activities of different fractions of methanol extracts were evaluated based on the reduction of Mo (VI)-Mo (V) and subsequent formation of a green phosphate/Mo (V) complex at acidic pH [14] . Initially different concentrations of 0.3 ml extract were combined with 3 ml of reagent solutions containing 0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate. Then the reaction mixtures were incubated at 95° for 90 min and the absorbance were measured at 695 nm against methanol blank after cooling to room temperature. The total antioxidant activity was expressed as the number of equivalents of ascorbic acid.
Reducing power assay:
The reducing power of different fractions of methanol extracts (1.0 ml) was assayed by the addition of 2.5 ml of phosphate buffer (50 mM, pH 7.0) and 2.5 ml of 1% potassium ferricyanide [15] . After incubation of reaction mixtures at 50° for 20 min, 2.5 ml of trichloroacetic acid (10%) was added to the mixtures and centrifuged at 3000 rpm for 10 min. From the supernatant, 1.25 ml was mixed with 1.25 ml of distilled water and 0.25 ml FeCl 3 solution (0.1% w/v) [8] . Finally the absorbance was measured at 700 nm against methanol blank; increased absorbance values indicate higher reducing power.
Preparation of active bacterial suspension:
Inhibition of microbial growth by methanol extracts was assessed by agar well diffusion assay. Standard aseptic microbiological methods were followed throughout this antibacterial study. Bacterial inoculums were prepared as per 0.5 McFarland standard [16] with test organisms: E. coli, P. vulgaris, S. aureus, P. aeruginosa and B. subtilis in Muller Hinton broth. Dried crude methanol extract was dissolved in 100% DMSO at mg/ ml concentration.
Agar well diffusion bioassay:
The antimicrobial activity of the methanol extracts dissolved in DMSO were determined by agar well diffusion technique using Mueller Hinton agar medium [17] . As per McFarland standard, sterile cotton tipped swab was dipped in the freshly prepared culture with the dilution of 10 8 cells/ml and swabbed on sterile molten Muller Hinton agar. Five wells were made per plate on swabbed plates using cork-borer (0.85 cm). From this 50, 75 and 100 μl extracts were loaded in three wells and in other two wells, 100 µl of streptomycin at mg/ml concentration (positive control) and 100 µl DMSO (negative control) were added. Then the plates were incubated at 37° for 24 h in aerobic condition and diameter of the inhibition zones were measured with caliper. Tests were performed under sterile conditions in duplicate and repeated three times.
Cell proliferative studies:
Trypan blue exclusion test was performed by following method. Human breast cancer MCF-7 (GDC055) cell lines were maintained in RPMI-1640 supplemented with 10% fetal bovine serum (FBS), penicillin (100 U/ml) and streptomycin (100 μg/ml) in a humidified atmosphere of 50 μg/ml CO 2 at 37°. This semiquantitative method was used to determine the viable cell numbers before and after treatment of algal extracts. The cancer cells were seeded at a density of 2×10 4 cells/well and were treated with different concentrations of the algal extract for 72 h at 37° in the presence of 5% CO 2 . After 72 h, 20 μl of medium and equal volume of trypan blue were mixed. The viable and dead cells were counted by Neubauer haemacytometer [18] .
In determining the cytotoxicity of algal extracts against Human breast cancer MCF-7 cell lines, MTT assay was used as a quantitative method [19] . Cancer cells at the density of 1×10 5 /well were plated in 100 μl of medium/well in 96-well plates and incubated for 48 h at 37°. When cells reached the confluence, various concentrations of algal extracts dissolved in 0.1% DMSO was added and incubated. The algal extracts were removed after incubation and washed with phosphate-buffered saline (pH 7.4). Twenty microliter per well (5 mg/ml) of 0.5% MTT phosphate buffered saline solution was added. After 4 h incubation, 0.04 M HCl/isopropanol were added. The absorbance at 570 nm was measured with a microplate reader (BioRad, Richmond, CA), to determine viable cells; wells untreated with algal extracts were read as blank. The experiment was performed in triplicate. The effect of the samples on the proliferation of human breast cancer cells was expressed as the % cell viability, using the following formula: % cell viability=A 570 of treated cells/A 570 of control cells×100.
RESULTS AND DISCUSSION
Total phenol and flavonoid content in the methanol extract of C. vulgaris was determined to be 220 mg GAE/g extract DW and 131.15 mg QE/g extract DW whereas for C. reinhardtii it was 150 mg GAE/g of extract DW and 80.76 mg QE/g of extract DW.
Free radical scavenging ability of methanol extract of C. vulgaris was maximum of 92.57% at 1000 µg/ ml with IC 50 value of 397.01 µg/ml; C. reinhardtii was maximum of 83.38% at 1000 µg/ml with IC 50 value of 423.44 µg/ml and standard (ascorbic acid) of 94.08 % at 1000 µg/ml with IC 50 value of 127.52 µg/ ml ( Table 1 ). The phosphomolybdenum assay is based on the reduction of Mo (VI) to Mo (V) in the presence of antioxidants resulting in the formation of a green phosphate/Mo (V) complex exhibiting maximum absorption at 695 nm. Based on reduction ability, radical scavenging activity of methanol extract of C. vulgaris was maximum of 92.90% at 1000 µg/ml with IC 50 value of 54.78 µg/ml; C. vulgaris was maximum of 82.74% at 1000 µg/ml with IC 50 value of 73.06 µg/ ml and standard same as above, respectively (Table 1 ).
Reducing power of C. vulgaris extract increased to 0.245 at 1000 μg/ml, in C. reinhardtii extract increased to 0.197 at 1000 μg/ml where as standard had absorbance of 0.630 at 1000 μg/ml (Table 2) ; the reducing power of the extracts increased in dose dependent manner.
The correlation coefficient (R 2 ) between the antioxidant activity and phenolic content of C. vulgaris was assessed and found to be very small or negligible with phenol (R 2 =-1.889) whereas with that of flavonoid was R 2 =0.964. Whereas, in case of C. reinhardtii also, R 2 between the antioxidant activity and phenolic content (R 2 =-1.990) was found to be negligible with phenol and with flavonoid was R 2 =0.917. Phenolic compounds act as antioxidants by chelating metal ions, preventing radical formation and improving the antioxidant endogenous system [20] . The total phenolic content in C. reinhardtii CC 124 treated to glass beads and steel ball were 42 and 51 GAE mg/ ml [5] . These total phenolic contents were more or less similar to the phenolic content obtained C. reinhardtii in the present study suggesting variation is based on extraction methods. Polyphenols represent a diverse class of compounds including flavonoids (i.e. flavones, flavonols, flavonones, flavononols, chalcones and flavan-3-ols), lignins, tocopherols, tannins and phenolic acids [21] . Flavonoids, the largest group of phenolic compounds is known to contain a broad spectrum of chemical and biological activities including antioxidant and free radical scavenging properties [22] .
In human cells, reactive oxygen species (ROS) are formed by endogenous factors resulting in extensive oxidative damage, age related degenerative conditions, cancer and a wide range of other human diseases. Natural antioxidants from plant origin can react rapidly with ROS and retard the extent of oxidative deterioration. Antioxidant activity of Steel ball and glass bead treated extracts of C. reinhardtii CC 124 were 107.34 and 90.69% compared to that of standard (butylated hydroxyl anisole) 359.01%, respectively [5] . Furthermore, antioxidants from natural sources can also increase the shelf life of foods. Therefore, the consumption of antioxidant and addition of antioxidant to food materials could protect the body as well as the foods [23] . Microalgae would serve as a continuous and reliable source of natural products, comprising antioxidants because they can be cultivated in bioreactors on a large scale. Furthermore, the qualities of microalgal cells can be controlled by using clean nutrient media for growing the microalgae avoiding use of herbicides, pesticides and any other toxic substances. The value of microalgae as a source of natural antioxidants is further enhanced by the relative ease of purification of target compounds [24] .
Phenolic compounds such as flavonoids, phenolic acids and tannins are considered to be the major contributors exhibiting antioxidant capacity and are assessed to have diverse biological activities such as antiinflammatory, antiatherosclerotic and anticarcinogenic activities [11] . Therefore in C. vulgaris among two phenolic compounds, flavonoid may be a major contributor of antioxidant capacities. In a study by Syed et al. [25] the chloroform extract of C. vulgaris showed minimum zone of inhibition with zone diameter of 15, 13, 12 mm for E. coli, Bacillus sp. and Pseudomonas sp. respectively. Methanol extract of C. reinhardtii was found to be more efficient in inhibiting gram negative bacteria than positive strains. It showed maximum inhibition against P. aeruginosa, E. coli and S. aureus with the inhibition zone diameter of 19, 15.5 and 12.5 mm respectively. The inhibition against P. vulgaris and B. subtilis was comparatively lower than C. vulgaris extract. Steel ball extract of C. reinhardtii CC 124 also showed similar results as that present study exhibiting inhibition efficiently against gram negative bacteria than gram positive bacteria [5] .
Development of anticancer agents from plant sources started in early 1950s with the discovery of Vinca alkaloids, vinblastine and vincristine and the isolation of the cytotoxic podophyllotoxins [26] . The extracts induced high antiproliferative activity in a dose dependent manner. The study is supported by rodent model studies of Yuan and Walsh [27] which demonstrated the protective effects of dietary kelps and other red and green algae against mammary, intestinal and skin carcinogenesis. Recent studies suggest C. vulgaris as an effective natural chemotoxic agent against tumour cells by inducing apoptosis [28] . Chlorella PR1 efficiently reduced murine melanoma B16F10 cells viability by 50% with 5.5 µg/ml concentration of DMSO extract [29] .
Thus, potential algal derived anticancer drugs will have major footprint in the treatment of cancer.
From the study, it is concluded that both C. vulgaris and C. reinhardtii have a significant level of flavonoids and phenols, which turn out to be potential scavenger of free radicals at the concentration of 1000 µg/ml. The crude extracts tend to inhibit the growth of breast cancer cell lines and human pathogens. C. vulgaris are potential in inhibiting B. subtilis and P. vulgaris while C. reinhardtii are more efficiently inhibiting E. coli, P. aeruginosa and S. aureus. This suggests the use of these two microalgae against both gram positive and negative bacteria with minimum inhibition at the concentration of 100 µl. Anticancer activity in the range of 23-46 µg/ml extracts of C. vulgaris and C. reinhardtii efficiently reduced cell viability by 50%.
Overall comparison between two proposed microalgae reveal that C. vulgaris are rich in flavonoid content and are able to exhibit better free radical scavenging and anticancer activity than C. reinhardtii, in agreement to the literature studies. However, C. reinhardtii is found to exhibit better inhibition of both gram negative and positive bacteria than C. vulgaris. Thus, further research on chemical characteristics of antioxidant and other bioactive components of microalgae, C. vulgaris and C. reinhardtii would lead to the formulation of effective drugs in treatment of cancer and dreadful bacterial infections
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